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Description 

This invention relates to novel dioxaphosphorinanes, the preparation of these compounds, and their 
use for resolving racemates of optically active amino-compounds into the individual optical isomers. 

5 Several optically active acids are known which can be used as resolving agents for racemates of 
optically active amino-compounds, including amino-acids. Optically active amino-compounds are used on 
the one side for separating specific racemates of optically active acids and on the other side as an 
intermediate for the preparation of pharmaceuticals, inter alia. Examples of the latter use are 
phenylglycine, parahydroxy phenyl glycine, 2-aminobutanoM and 2-a mi no-1 -phenyl-1 ^-propanediol. 

10 Optically active acids are expensive generally; an additional factor is that they have to be prepared by a 
complex process. Moreover, these optically active resolving agents are not always proof against 
racemization in an acidic and/or alkaline medium and they are often difficult to recover after use. Also they 
are generally only suitable for separating a small number of racemates of optically active amino- 
compounds. For this reason attempts are continually being made to find optically active acids without the 

75 above disadvantages. 

The compounds according to the invention are dioxaphosphorinanes having the general formula I 



20 



in which: 

M denotes a hydrogen atom or a metal or ammonium ion, 

Rt and R 2 denote a hydrogen atom, a halogen atom, an alkyl group having 1 up to 4 carbon atoms, an 
alkoxy group having 1 up to 4 carbon atoms, a nitro group or together denote a methylene dioxy group and 
R 3 and R 4 denote a hydrogen atom, a halogen atom, an alkyl group having 1 up to 4 carbon atoms or 
together denote a cyclohexyl group, one at most of the groups R 3 and R 4 denoting a hydrogen atom. 

These compounds are simple and cheap to prepare, are easily resolved into optical isomers, are very 
resistant to racemization in an alkaline and acidic medium and are also easy to recover. 

It should be noted that the potassium salt of 2-hydroxy-2-oxo-8-phenyl-1,2,3-dioxaphosphorinane is 
known from Bull. Chem. Soc Jap., 42, no. 6 (1969) pp. 1713— 1718. This article however, gives no hint to the 
35 use of this compound as a resolving agent Phosphorous containing compounds are, however, known from 
GB— A— 1360946 as resolving agents. These compounds, however, show essential structural differences in 
relation to the compounds of the present invention. 

The compounds according to the invention also have the advantage of being available in both the + 
and the - form. This is in contrast to the optically active compounds derived from natural products, of 
which generally only one of the isomers is available. 

Particularly suitable are the above compounds in which: 

R, and R 2 denote a hydrogen or chlorine atom, a methyl, ethyl, methoxy, ethoxy or nitro group or 
together denote a 3,4-methylene dioxy group and 

R 3 and R 4 denote a hydrogen atom, a chlorine atom, a methyl group or together denote a cyclohexyl 
group. 

Examples of suitable compounds are given in Table I. 

The racemic dioxaphosphorinanes according to the invention can be prepared by reacting a racemic 
diol, having the general formula II 
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in which R, up to R 4 have the same meanings as in formula I, with phosphoryl chloride and hydrolyzing the 

60 resulting product in an alkaline medium. 

The diols according to formula II are largely known compounds which can be obtained in known 
manner. In cases where R 3 and R 4 in formula II denote an alkyl group, such as methyl and ethyl, a mixed 
aldol condensation, for example, can be used by reacting 1 equivalent or an aromatic aldehyde with two 
equivalents of a dialkyl acetaldehyde in the presence of 1 equivalent of potassium hydroxide in alcoholic 

65 medium. This first results in an aldol which is reduced to a 1,3-diol by the excess of dialkyl acetaldehyde. 
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This reaction is described inter aiia in US Patent 3 092 639. In cases in which R 3 and R4 respectively denote 
a hydrogen and a halogen atom, the 1,3-diols can easily be prepared by reacting N-chlorosuccinic acid 
imide, or bromine with 3-phenyl-allyl alcohol. These processes are described in Dolby L J., Wilkens C, Frey 
T. G., Journal Org. Chem. 31 (1966), 1110 and Bretschneider H, Karpitschka N, Monatsch. Chem. 84 (1953) 
1043. 

The optical isomers of the dioxaphosphorinanes according to the invention can be separated from the 
corresponding racemate with optically active amino-compounds such as (-)-ephedrine, (+)-2-amino-1- 
phenyl-1 ^-propanediol, (-)-2-amino-1-butanol and (-)-para-hydroxyphenylglycine. 

For the said compounds Table I indicates the optically active amines that can be used to separate the 
relevant optically active dioxaphosphorinanes from one another inter alia. 

The optically active isomers of the dioxaphosphorinanes according to the invention can be used for 
separating the optically active isomers of various amino-compounds used inter alia as an intermediate for 
the preparation of pharmaceutical products. Although it is not possible to separate the optical isomers of 
any amino-compound with just a single dioxaphosphorinane according to the invention, 
dioxaphosphorinanes are fairly universally usable. 

For example, using 5 / 5-dimethyl-4-(2'-methoxyphenyl)-2-hydroxy-2-oxo-1,3,2-dioxaphosphorinane 
(compound 3 in Table I) it is possible to separate the optically active isomers of phenylalanine, S-(amino- 
iminomethyl)-p-mercaptobutyric acid, parahydroxy phenyl glycine, 1-phenyl-2-paramethoxyphenyl-ethyl- 
amine and N-[1-(4'-methoxyphenyl)-isopropyl]-N-ethyl-amine. 

The 5,5-dimethyl-4-(2'-chlorophenyl)-2-hydroxy-2-oxo-1^,2-dioxaphosphorinane (compound 9 in 
Table I) is suitable not only for resolving the above five amino-compounds into their optical isomers, but 
also for resolving l,2^,4-tetrahydro-5-methoxy-N-propyl-2-naphtalene-amine and 1,2-di-(4'-chlorophenyl)- 
1,2-diamino-ethane. 

A third compound suitable for resolving parahydroxyphenylglycine, which is very important for the 
preparation of pharmaceutical products, is 5,5-dimethyl-4-(2',4'-dichlorophenyl)-2-hydroxy-2-oxo-1,3 f 2- 
dioxaphosphorinane (compound 1 1 in Table I) which has also been found very suitable for resolving 1,2-di- 
(4'-chlorophenyl)-1,2-dlaminoethane and 1-phenyl-2-para-methoxyphenyl-ethylamine. 

The universal usability is further enhanced by the fact that a choice can be made from a wide range of 
optically active dioxaphosphorinanes. 



EP 0180 276 B1 



w 
j 

03 



05 

§ I 

<H O 
«] 0) 

o u 

© o 
a oo © 

iH f-O 

o in-H 
w ^— » 

J3< O, 
< — ' O 



° t 

4J © 

C 8 

•H *0 0 
O © « 

o. © «h 

CHS 

•h a) o 

4J 4-> -H 

© s. a 

BOO 



2 

O © 

-t> s 

c o 

© iH 

> cd 

r-l O 

O -H £ 

© a.<*4 

b o * 



*-> to 

B -H 
© C 

O H 

P 8 8 



• X 
O it 

z r 



f- oo cn cm in 
o co rn co cj\ 



nowo© a* in 



OvO«OvOO\0 o> 

^vo9 minvo cnj 



in 



in 



in in 



m 



o -=r 
m o 

CM t- CM 00 

m i o> I 
cm in »- in cm 
i 

o o\ in <n v 
m cm a» o o — 

CM CM «- CM CM CM 



cm «- a- -=r 

CM CM CM 00 O CM CM 

i i i in m cm i 
in in in cm cm cm in 

• ••iti • 
in in oo vo cm o vo 
cm «- en in sr cm 

CM CM CM CM CM CM CM 



oq a en a a co o o 

» *t«k • » •» •» •> 



in 



in 



in 



CM 
CM 

i 

=T 



m in 



mm m m 
• • • cm cm 

mvo*-moo wwiniMnmr cm 

O C» O CM t— ON I I CM I 

cMt-cMCM*-«-in«-incMCMCMin 
ffinow»o»-?(\Jwch^4' 

00>OCMt-C*CMO>»-»-0»-CM 
CM*-CMCM«-«-CMi-CMCMCMCMCM 



pn on co co m en en cn m cn cnr-4 

I I S S3 S 2 SSSSSS >i 

ooououxxoooooo x 

© 



o 
>» 

cn nn cn cn cn on ro ro ro ro ro ro o 
X X X X X X I* X X X X X X 

uooououcooooouu 



xxxx ixxxxxa-voxxx 



6 

CM 



in 



cn mo — _ 

CM CM CO 

HUHHOSH 

o o o o z o o 
I I I - I I I I I I I I 

xcm oj3-fn^sswcMW(MWir cm 



CMX X O 
O O O I iH 
Z O O sr u 

111*1 



•-cm cazrmvo c*- co o^o*- cm cn=r m 



o 

-H 

© 
c 
© 

D. 



2 5 



I 

on 



•HOC 

>» e © 

C © X 

© «p a 

£ 3 >> 

a jo- k 
I I o 
© u 

C I I V 

"H O O >» 

L C B £ 

TJ «H -H I 

© b a © 
x © © u 

All© 
© CM CM O. 

I I I I 

<""x 

I ♦ I I 



II II II It 

« (DUQ 



4 



EP 0180 276 B1 

The Invention will be explained in detail with reference to the following examples. 

Example I 

Preparation of 5,5-dimethyl-4-(2'-chlorophenyl)-2-hydroxy-2-oxo-1 ,3,2-dioxaphosphorinane. 

5 (Compound 9 in Table I). 

A solution of 141.0 g (0.92 mole) of phosphoryl chloride in 250 ml of dichloromethane was added over 
a period of 1 hour with agitation to 183.1 g (0.854 mole) of 1-(2'-chlorophenyl)-2,2-dimethyl-1,3- 
dihydroxypropane in 400 ml of dichloromethane. The mixture was heated with reflux for 4 hours and then 
concentrated by evaporation. The resulting residue was heated with agitation with a solution of 100 g of 

70 sodium hydroxide (2.5 mole) in 1 litre of water until a substantially clear liquid was obtained. The mixture, 
from which a granular substance rapidly separated, was cooled to 70°C and mixed with 290 ml of 
concentrated hydrochloric acid. An oil formed, which rapidly solidified. After filtering off the remaining 
liquid, washing with water and ether, followed by drying at 80°C, 201.6 g (0.729 mole) of the above 
dioxaphosphorinane was obtained, equivalent to an 85% yield. 

is 

Example II 

Preparation of 5,5-dimethyl-4-(2'-methoxyphenyl)-2-hydroxy-2-oxo-1 ,3,2-dioxaphosphorinane. 
(Compound 3 in Table I). 

A mixture of 122 g (0.796 mole) of phosphoryl chloride in 250 ml of dichloromethane was added over a 
20 period of half an hour with cooling to 163.5 g (0.779 mole) of 1-(2'-methoxyphenyl)-2,2-dimethyM,3- 
dihydroxy-propane and 168.7 g (1.67 mole) of triethylamine in 350 ml of dichloromethane. After 4% hours' 
heating with reflux, the reaction mixture was twice extracted with 750 ml of water. The water layers were 
extracted with 300 ml of dichloromethane. 

All the dichloromethane fractions were dried on sodium sulphate and concentrated by evaporation. 
2$ The remaining oil was heated with a solution of 88 g (2.2 mole) of sodium hydroxide in 800 ml of water until 
a clear solution formed. This solution was cooled and 250 ml of concentrated hydrochloric acid was added 
at 40°C. The result was an oil which solidified on further cooling. After removal of the liquid, washing with 
water and ether, and drying 173.3 g (0.637 mole) of the above dioxaphosphorinane was obtained. The yield 
was 83%. 

30 

Example HI 

The compounds 1,2, 6, 11, 12, 13 and 15 of Table I were prepared in the same way as in Example I from 
the corresponding diol. 

35 Example IV 

The compounds 4, 5, 10 and 14 of Table I were prepared in the same way as in Example II from the 
corresponding diol. 

Example V 

40 Preparation of 5-bromo-4-phenyl-2-hydroxy-2-oxo-1,3,2-dioxaphosphorinane. (Compound 8 in Table 

I). 

A mixture of 18.5 g (0.121 mole) of phosphoryl chloride and 50 ml of dichloromethane was added over 
a period of 15 minutes to a mixture of 23.1 g (0.100 mole) of 2-bromo-1-phenyM,3-propanediol, 18.1 g 
(0.229 mole) of pyridine and 200 ml of dichloromethane. The mixture was heated with reflux for 3 hours 

45 and washed twice with 250 ml of water. The water layers were extracted with 150 ml of dichloromethane. 
The dichloromethane fractions were dried on sodium sulphate and concentrated by evaporation. The 
resulting residue was mixed with 12.5 g (0.313 mole) of sodium hydroxide and 200 ml of water and was 
heated for VA hours at a temperature of 65— 70°C. After cooling to 20°C the resulting solution was acidified 
with 50 ml of concentrated hydrochloric acid. The precipitated dioxaphosphorinane was sucked off and 

so washed with water and ether. The yield was 23.9 g (81.6 m mole) equivalent to an 82% yield. 

Example VI 

Resolution of the optical isomers of 5,5-dimethyl-4-(2'-ethoxyphenyl)-2-hydroxy-2-oxo-1,3,2- 
dioxaphosphorinane. (Compound 10 in Table I). 

55 A mixture of 1 15.4 g (0.403 mole) of the racemate of compound 10 and 68.0 g (0.407 mole) of (-)-para- 

hydroxyphenylglycine was dissolved with heating in 1400 ml of a 1:1 mixture of water and ethanol. The 
solution was cooled by leaving it at room temperature for 5 hours with agitation and the occasional 
addition of seed crystals. The diastereomeric salt which crystallized out was filtered off and washed with 
250 ml of water. After drying the weight was 66.8 g (0.147 mole) and the optical rotation, [a]^ = -98.5. The 

60 yield was 37%. The diastereomeric salt obtained in this way was agitated for 5 hours with a mixture of 30 
ml of concentrated hydrochloric acid and 300 ml of water. After filtration and drying, 42.0 g (0.147 mole) of 
dioxaphosphorinane with an optical rotation [a] S78 = -60.9 was obtained. Hydrolysis' of the filtrate 
remaining after filtration of the diastereomeric salt, known as the main filtrate, yielded 61.6 g of 
dioxaphosphorinane with an optical rotation (a] 57a = +37.0. [a]^ here and hereinafter is given for C = 0.5 g 

65 per 100 ml solution in methanol unless otherwise stated. 
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Example VII 

Resolution of the optical isomers of 5,5-dimethyi-4-phenyl-2-hydroxy-2-oxo-1,3,2-dloxaphos- 
phorinane. (Compound 1 in Table I). 

A mixture of 24.2 g (0.1 mole) of the racemate of compound 1 and 16.7 g (0.1 mole) of (+)-2-amino-1- 

5 phenyl-1,3-propanediol was dissolved .by heating in 200 ml of ethanol. The solution was concentrated by 
evaporation and 1 1 .9 g of dlastereomerlc salt was obtained therefrom after cooling. The filtrate was further 
concentrated by evaporation and combined with a mixture of 122 g (0.504 mole) of racemate of compound 
1, 85 g (0.509 mole) of (+)-2-amino-1-phenyM,3-propanediol and 450 ml of ethanol. After heating until 
dissolution, the mixture was cooled by leaving it at room temperature for 12 hours with agitation. The 

w precipitated salt was filtered off, washed with water and ether and dried. In this second step, 46.85 g of 
diastereomeric salt with an optical [a]^ = -15.7 was obtained. Another 31.7 g of diastereomeric salt with 
[aJsTB = -11.2 was crystallized out of the 'washing liquid and the main filtrate by concentrating by 
evaporation and cooling to -15°C, and yielded 20.5 g of pure diastereomeric salt by recrystallization with 
80 ml of ethanol. The total production of crystallized-out diastereomeric salt was 79.26 (0.194 mole). The 

75 yield was 32%. 

The 46.85 g of diastereomeric salt from the second step were converted with a 1 00% yield into the free 
dioxaphosphorinane by treatment with 1 50 ml of hydrochloric acid in 300 ml of water. The optical rotation 
was -60.1 ([a] 57 * C - 1, CH 3 OH). 

From the remaining filtrate of the third step it was possible after considerable concentration by 
20 evaporation to filter off a portion of salt which after hydrolysis yielded 32.86 g of dioxaphosphorinane with 
[aU = 37.0. 

After further concentration of the remaining filtrate, another portion of salt was obtained which after 
hydrolysis yielded 43.0 g of dioxaphosphorinanes with [a] 578 = +42.9. Recrystallization of the latter two 
portions from a 3:1 mixture of ethanol and water yielded 23.47 g and 31.61 g respectively of purified 
25 dioxaphosphorinane with [alg™ = +54.2 and 60.2 respectively. 

Example VIII 

Resolution of the optical isomers of 5,5-dimethyl-4-(2'4'-dichlorophenyl)-2-hydroxy-2-oxc^1,3,2- 
dioxaphosphorinane. (Compound 11 in Table I). 

30 A mixture of 285.5 g (0.918 mole) of the dioxaphosphorinane and 155 g (0.939 mole of (-)-ephedrine 

was dissolved with heating in 500 ml of ethanol. The solution was cooled to 20°C with agitation. Agitation 
was continued for another 4 hours and then the mixture was left to stand'for 12 hours. After filtration of the 
precipitate, washing with ether, recrystallization from 430 ml of ethanol and drying, 118.5 g (0.249 mole) of 
diastereomeric salt was obtained with an optical rotation [a] 578 = +6.2. The yield was 27%. Using 117 g, 

55 hydrolysis with 50 ml of concentrated hydrochloric acid in 450 ml of water gave 75.45 g (0.243 mole) of 
dioxaphosphorinane with an optical rotation [a] 578 - +46.6. The yield was 97%. 

From the main filtrate, after evaporation of 250 ml of ethanol, a diastereomeric salt was precipitated 
which, after filtration, washing with ether and drying, weighed 52.5 (0.1 10 mole) and had an optical rotation 
[ a ] 578 = -44.0. Hydrolysis of this product was 20 ml of hydrochloric acid in 180 ml of water yielded 32.4 

40 (0.104 mole) of dioxaphosphorinane with [a] 57a = -43.2. 

Example IX 

Resolution of the optical isomers of 5,5-dimethyl-4-(2'-chlorophenyl)-2-hydroxy-2-oxo-1,3,2- 
dioxaphosphorinane. (Compound 9 in Table I). 
45 A mixture of 169.9 g (0.615 mole) of racemate of compound 9 and 102.7 g (0.615 mole of (-)-para- 

hydroxphenylglycine was dissolved with heating in a mixture of 1030 ml of 96% ethanol and 800 ml of 
water. The mixture was cooled by leaving it at room temperature with agitation and occasional addition of 
seed crystals. Agitation was then continued for 12 hours and the precipitated diastereomeric salt was 
filtered off, washed with 300 ml of water and dried. The production was 103.6 g (0.234 mole), equivalent to 
so a 38% yield. The optical rotation was -95.7 [alsra). 

The resulting diastereomeric salt was hydrolyzed by agitating it for 6 hours with 105 ml of 
concentrated hydrochloric acid and 465 ml of water. After filtration, washing with water and drying, 58.8 g 
of dioxaphosphorinane were obtained (91% yield) with an optical rotation [a] 578 = -49.3. 

From the main filtrate, after the treatment of para-hydroxyphenylglycine was left to stand for 2 days 
55 and then agitated for 7 hours with 150 ml of concentrated hydrochloric acid. After suction filtration, 
washing and drying, 74.3 g of dioxaphosphorinane was obtained with [a] 578 » +48.9. 

Example X 

Resolution of the optical isomers of 5,5-dimethyl-4-(2'-nitro phenyl )-2-hydroxy-2-oxo-1,3,2-dioxa- 
eo phosphorinane. (Compound 2 in Table I). 

A mixture of 58.6 g (0.204 mole) of the racemate of compound 2 and 34.2 (0.205 mole of (-)-para- 
hydroxyphenylgiycine was dissolved with heating in 600 ml of 1:1 mixture of water and absolute alcohol. 
The mixture was cooled by leaving it at room temperature with agitation and occasional addition of seed 
crystals. After 12 hours' agitation, the precipitated diastereomeric salt was filtered off, washed with water 
55 and dried at 75°C. The yield was 40.5 g (89.2 mole, 44%). The optical rotation of the salt [a] 678 = -353. 
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39.95 g of the resulting salt was agitated for 7 hours with 45 ml of concentrated hydrochloric acid in 1 35 
ml of water. The precipitated dioxaphosphorinane was filtered off and washed and after drying weighed 
23.6 g (82.2 m mole, 94%) and [a] Q7B was -463. 

After the treatment with para-hydroxyphenylglycine the main filtrate, after decomposition with 
5 hydrochloric acid, yielded 27.7 g of dioxaphosphorinane with [a)^ = +409. Recrystallization of this 
product with CH 3 0H yielded 17.73 g with [q]^ = +489. Over 6 g of the dioxaphosphorinane with positive 
rotation were additionally obtained after concentrating the filtrate by evaporation. 

It was found that the resolutions according to Example VI up to X are reversible, i.e. the optical isomers 
of the relevant amine can be separated with relevent dioxaphosphorinane. 

to 

Example XI 

Resolution of the optical isomers of phenylalanine with (-)-5,5-dimethyl-4-(2'-chlorophenyl)-2- 
hydroxy-2-oxo-1,3,2-dioxaphosphorinane. (Compound 9 in Table I). 

A mixture of 8.80 g (31.8 m mole) of the (-) form of the dioxaphosphorinane and 5.25 g (31.8 m mole) 
is of phenylalanine racemate was dissolved with heating in 60 ml of water and 25 ml of absolute alcohol. The 
mixture was cooled by leaving it at room temparature with agitation and the occasional addition of seed 
crystals. After 5 1 /* hours' agitation the precipitate was filtered off, washed with water and dried. The yield 
was 6.03 g (13.7 m mole) equivalent to a 43% yield. The [a]^ of the precipitate was -26.6. Of this product 
5.87 g (13.3 m mole) were hydrolyzed by agitation for 7 hours with 7 ml of concentrated hydrochloric acid 
20 and 63 ml of water. The dioxaphosphorinane re-liberated in this way was filtered off and washed and after 
drying weighed 3.5 g (12.7 m mole). This means that 95% was recovered. The filtrate was dissolved in a 
mixture of 10 ml of water and 5 ml of ethanol and neutralized with a dilute sodium hydroxide solution. The 
resulting precipitate consisted of 1.1 g (+)-phenyl-alanine with [d\ m = +34.2 (C = 1.96, H 2 0). 

The remaining filtrate after concentration by evaporation and purification over a Dowex— H + column 
25 yielded another 0.75 g phenylalanine with [a] m = +32.8. 

The total yield was 1.85 g (11.2 m mole) equivalent to 84%. 

Example XII 

Resolution of the optical isomers of 1-phenyl-2-paramethoxyphenylethylamine with (+)-5,5-dimethyl- 
30 4-(2'-4 / -dichlorophenyl)-2-hydroxy-2-oxo-1 / 3 / 2-dioxaphosphorinane. (Compound 11 in Table I). 

A mixture of 12.5 g of the impure amine and 14.5 g (46.6 m mole) of the dioxaphosphorinane was 
heated with 105 ml of methanol for 60 hours with agitation. From the mixture it was possible to recover 
8.14 g (15.1 m mole, 32%) of the diastereomeric salt with [aj s78 = +76.9. Of this product, 7.93 g were 
agitated with 150 ml of 1 N sodium hydroxide solution. After agitating the suspension for 16 hours, 50 ml of 
35 chloroform were added and after agitation for another half hour the solid was filtered. From this solid, 
which consisted of the sodium salt of the dioxaphosphorinane, the free acid can be recovered after 
acidification. The filtrate, which consisted of two layers, was separated by means of a separating funnel. 
The aqueous layer was extracted with 40 ml of chloroform and the chloroform layer was washed with 
water. The chloroform fractions were dried, concentrated by evaporation and purified by Kugelrohr 
40 distillation at 135°C under a pressure of 0.03 mm Hg. This yielded 3.05 g of colourless amine (13.4 m mole) 
equivalent to 91% yield). The [ol^e was +64.3 (C = 1.07, CH 3 0H). 

Example XIII 

Resolution of the optical isomers of the amine of Example XII with (- )-5,5-di methyl -4-(2'- 
45 methoxyphenyl)-2-hydroxy-2-oxo-1,3,2-diox3phosphorinane^ (Compound 3 in Table I). 

A mixture of 16.8 g .(61.8 m mole) of the dioxaphosphorinane and 15.5 g of the impure amine was 
dissolved with heating in a mixture of 50 ml of 96% ethanol and 10 ml of water. After cooling, by leaving the 
mixture to stand for 12 hours with agitation, it was possible to filter off 7.92 g (15.9 m mole) of 
diastereomeric salt. The yield was 26%. The optical rotation [a] 578 was -86.3. Of this product, 7.5 g was 
50 agitated for 5 hours with a solution of 4.0 g of sodium hydroxide in 100 ml of water. The liquid was 
extracted twice with 50 ml of chloroform, washed with 50 ml of water, dried and concentrated by 
evaporation. Kugelrohr distillation yielded 3.2 g (14.1 m mole, yield 94%) of amine with [al 578 = -63.8 (C = 
1.11,CH 3 OH). 

From the aqueous liquid remaining after extraction with chloroform it was possible to recover 14.71 g 
55 of dioxaphosphorinane after acidification, equivalent to an 88% yield. 

Example XIV 

Separation of the optical isomers of methionine with (+)-5,5-dimethyl-4-(2'-chIorophenyl)-2-hydroxy- 
2-oxo«1,3,2-dioxaphosphorinane. (Compound 9 in Table I). 

60 A mixture of 7.64 g (50.0 m mole) of racemate of methionine and 13.83 g (50.0 m mole) of the (+)- 
dioxaphosphorinane was dissolved with heating in a mixture of 70 ml of 96% ethanol and 35 ml of water. 
After cooling the solution with agitation for 5 hours the precipitated diastereomeric salt was sucked off, 
washed with water and dried. The yield was 5.46 g (12.8 m mole, 26%) with [a]^ = +33.3. This salt was 
agitated for 4 hours with 45 ml of water, 6 ml of concentrated hydrochloric acid and 10 ml of methanol. 

65 From the non-dissolved fraction it was possible to recover 3.42 g (12.4 m mole) of dioxaphosphorinane 
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(96% yield) by filtration, washing with water and drying. The dissolved fraction was concentrated by 
evaporation, dissolved in water and purified over a Dowex-H + column. 

After concentration by evaporation of the purified product 1 .6 g (10.7 m mole) of (+)-methionine were 
obtained with [a]^ = +21.8 (C = 0.797, 0.2N hydrochloric acid). The yield was 84%. 

5 

Example XV 

Separation of the optical isomers of 1,2-di(4'-chlorophenyl)-1,2-diamino-ethane by means of (-)-5,5- 
dimethyl-4-phenyl-2-hydroxy-2-oxo-1^-dioxaphosphorinane. (Compound 1 in Table I). 

A mixture of 12.5 g (44.6 m mole) of the (-)-dioxaphosphorinane and 12.5 g (44.5 m mole) of the 
to diamine was dissolved with heating in 75 ml of 96% ethanol. The mixture was cooled by leaving it to stand 
for SVt hours with agitation and the occasional addition of seed crystals. The precipitate was filtered, 
washed with an ethanol/ether mixture and then with ether and then dried. The production was 6.38 g (12.2 
m mole) of diastereomeric salt with [a]^ = +63.8. The yield was 27%. The diastereomeric salt was 
agitated with 2 g of sodium hydroxide in 50 ml of water. 25 ml of chloroform were then added and agitation 
is was continued for half an hour. After dilution with 50 ml of water and 25 ml of chloroform, the layers were 
separated. The aqueous phase was extracted with 50 ml of chloroform. The chloroform fractions were 
washed with water, dried and concentrated by evaporation. The resulting oil, which solidified on cooling, 
had an [a]^ = +150.2 and weighed 3.38 g (12.0 m mole) equivalent to a 99% yield. 

It was possible to recover in all 9.46 g of dioxaphosphorinane (88% yield). 

20 

Claims 

1. Dioxaphosphorinanes of the general formula I 
25 % % 
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in which: 

M denotes a hydrogen atom or a metal or ammonium ion, 

R, and R 2 denote a hydrogen atom, a halogen atom, an alkyl group having 1 up to 4 carbon atoms, an 
alkoxy group having 1 up to 4 carbon atoms, a nitro group or together denote a methylene dioxy group and 
R 3 and R 4 denote a hydrogen atom, a halogen atom, an alkyl group having 1 up to 4 carbon atoms or 
together denote a cyclohexyl group, one at most of the groups R 3 and R 4 denoting a hydrogen atom. 

2. Dioxaphosphorinanes according to claim 1, having the general formula I in which: 
R 1 and R 2 denote a hydrogen or chlorine atom, a methyl, ethyl, methoxy, ethoxy or nitro group or 

together denote a 3,4-methylene dioxy group and 

R 3 and R 4 denote a hydrogen atom, a chlorine atom, a methyl group or together denote a cyclohexyl 
group, one at most of the groups R 3 and R 4 denoting a hydrogen atom. 

3. Dioxaphosphorinanes according to claim 1, having the general formula I in which: 
45 R, denotes a hydrogen or halogen atom at the para-position, 

R 2 denotes a methoxy group or chlorine atom at the ortho-position and 
R 3 and R 4 denote a methyl group. 

4. Optically active isomers of the dioxaphosphorinanes according to claim 1. 

5. Optically active isomers of the dioxaphosphorinanes according to claim 2. 
50 6. Optically active isomers of the dioxaphosphorinanes according to claim 3. 

7. A process for the preparation of dioxaphosphorinanes according to claims 1 , 2 or 3, characterised in 
that a diol of the general formula II 



C C"2 



OH 



R 2 



in which R 1 up to R 4 have the same meanings as in claims 1, 2 or 3, is reacted with phosphoryl chloride and 
the resulting product is hydrolyzed in an alkaline medium. 

8 A process for the preparation of optically active isomers of a dioxaphosphorinanes according to 
65 claims 4, 5 or 6, characterised in that the corresponding racemate is reacted in a solvent with an optically 
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active amino-compound to form a diastereomeric salt which at least partially crystallizes out and a 
diastereomeric salt which remains in solution and after separation of the crystallized-out and dissolved 
salts one or both salts are hydrolyzed. 

9. A process for separating the optically active isomers of amino-compound from the corresponding 
racemate, characterised in that the racemate is reacted with an optically active dioxaphosphorinane 
according to claims 4, 5 or 6 to form a diastereomeric salt which crystallizes out and a diastereomeric salt 
which remains in solution, the two salts are separated from one another and if necessary hydrolyzed. 

10. A process for separating the optical isomers of parahydroxyphenytglycine, characterised in that the 
racemate of parahydroxyphenylglycine is reacted with an optically active dioxaphosphorinane according 
to claim 6 to form a diastereomeric salt which crystallizes out and a diastereomeric salt which remains in 
solution, the two salts are separated from one another and if necessary hydrolyzed. 

11. A process for separating the optical isomers of phenylalanine, characterised in that the racemate of 
phenylalanine is reacted with an optically active dioxaphosphorinane according to claim 6 to form a 
diastereomeric salt which crystallizes out and a diastereomeric salt which remains in solution, the two salts 
are separated from one another and if necessary hydrolyzed. 

12. A process for separating the optical isomers of 1-phenyl-2-paramethoxyphenyl-ethylamine, 
characterised in that the corresponding racemate is reacted with an optically active dioxaphosphorinane 
according to claim 6 to form a diastereomeric salt which crystallizes out and a diastereomeric salt which 
remains in solution, the two salts are separated from one another and if necessary hydrolyzed. 

Patentanspruche 

1. Dioxaphosphorinane der allgemeinen Formel (I) 



worin M ein Wasserstoffatom* oder ein Metall- oder Ammoniumion bedeutet; Ri und R 2 ein 
Wasserstoffatom, ein Halogenatom, eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen, eine Alkoxygruppe 
mit 1 bis 4 Kohlenstoffatomen oder -eine Nitrogruppe bedeuten oder miteinander eine 
Methylendioxygruppe bilden; und R 3 und R 4 ein Wasserstoffatom, ein Halogenatom, eine Alkylgruppe mit 
1 bis 4 Kohlenstoffatomen darstellen oder miteinander eine Cyclohexylgruppe bilden, wobei hdchstens 
eine der Gruppen R 3 und R 4 ein Wasserstoffatom ist. 

2. Dioxaphosphorinane nach Anspruch 1 der allgemeinen Formel (I), worin R, und R 2 ein Wasserstoff- 
oder Chloratom, eine Methyl-, Athyi-, Methoxy-, Athoxy- oder Nitrogruppe bedeuten oder miteinander eine 
3,4-Methylendioxygruppe bilden; und R 3 und R 4 ein Wasserstoffatom, ein Chloratom oder eine 
Methylgruppe darstellen oder miteinander eine Cyclohexylgruppe bilden, wobei hdchstens eine der 
Gruppen R 3 und R 4 ein Wasserstoffatom ist. 

3. Dioxaphosphorinane nach Anspruch 1 der allgemeinen Formel (I), worin R«, ein Wasserstoff- oder 
Halogenatom in p-Stellung ist; R 2 eine Methoxygruppe oder ein Chloratom in o-Stellung darstellt; und R 3 
und R 4 eine Methylgruppe bedeuten. 

4. Optisch aktive isomere der Dioxaphosphorinane nach Anspruch 1. 

5. Optisch aktive Isomere der Dioxaphosphorinane nach Anspruch 2. 

6. Optisch aktive Isomere der Dioxaphosphorinane nach Anspruch 3. 

7. Verfahren zur Herstellung von Dioxaphosphorinanen nach den Anspruchen 1, 2 oder 3, dadurch 
gekennzeichnet, daB ein Diol der allgemeinen Formel (II) 



worin R, bis R 4 die gleichen Bedeutungen wie in den Anspruchen 1 , 2 oder 3 haben, mit Phosphorylchlorid 
umgesetzt und das erhaltene Produkt in einem alkalischen Medium hydrolysiert wird. 

8. Verfahren zur Herstellung von optisch aktiven Isomeren eines Dioxaphosphorinans nach den 





II 
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Anspruchen 4, 5 oder 6,dadurch gekennzeichnet, dafi das entsprechende Racemat in einem Ldsungsmittel 
mit einer optisch aktiven Aminoverbindung unter Bildung eines diastereomen Salzes, das zumindest 
teilweise auskristallisiert, und eines diastereomeren Salzes, das in Ldsung verbleibt, umgesetzt wird, und 
nach Trennung des auskristallisierten und des gelds'ten Salzes eines oder beide Salze hydrolysiert werden. 

9. Verfahren zum Trennen der optisch aktiven Isomere einer Aminoverbindung vom entsprechenden 
Racemat dadurch gekennzeichnet, daS das Racemat mit einem optisch aktiven Dioxaphosphorinan nach 
den Anspruchen 4, 5 oder 6 unter Bildung eines diastereomeren Salzes, das auskristallisiert, und eines 
diastereomeren Salzes/ das in Ldsung verbleibt, umgesetzt wird und die beiden Salzes voneinander 
getrennt und, wenn notwendig, hydrolysiert werden. 

10. Verfahren zum Trennen der optischen Isomere von p-Hydroxyphenylglycin, dadurch 
gekennzeichnet, daS das jtecemat von p-Hydroxyphenylglycin mit einem optisch aktiven 
Dioxaphosphorinan nach Anspruch 6 unter Bildung eines diastereomeren Salzes, das auskristallisiert, und 
eines diastereomeren Salzes, das in Ldsung verbleibt, umgesetzt wird und die beiden Salze voneinander 
getrennt und, wenn notwendig, hydrolysiert werden. 

1 1 . Verfahren zum Trennen der optischen Isomere von Phenylalanin, dadurch gekennzeichnet, daS das 
Racemat von Phenylalanin mit einem optisch aktiven Dioxaphosphorinan nach Anspruch 6 unter Bildung 
eines diastereomeren Salzes, das auskristallisiert, und eines diastereomeren Salzes, das in Ldsung 
verbleibt, umgesetzt wird und die beiden Salze voneinander getrennt und, wenn notwendig, hydrolysiert 
werden. 

12. Verfahren zum Trennen der optischen Isomere von 1-Phenyl-2-p-methoxyphenylathylamin, 
dadurch gekennzeichnet, daS das entsprechende Racemat mit einem optisch aktiven Dioxaphosphorinan 
nach Anspruch 6 unter Bildung eines diastereomeren Salzes, das auskristallisiert, und eines 
diastereomeren Salzes, das in Ldsung verbleibt, umgesetzt wird und die beiden Salze voneinander 
getrennt und, wenn notwendig, hydrolysiert werden. 

Revendications 

1. Dioxaphosphorinanes repondant a la formule g§ne>ale I: 



35 




dans laquelle: 

M designs un atome d'hydrogene ou un ion mStallique ou d'ammonium, 

R, et R 2 represented chacun un atome d'hydrogene, un atome d'halogene, un radical alkyle de 1 a 4 
atomes de carbone, un radical alcoxy de 1 a 4 atomes de carbone ou un radical nitro ou bien lis 
45 representant ensemble un groupe m6thylene«dioxy; et 

R 3 et R 4 represented chacun un atome d'hydrogene, un atome d'halogene ou un radical alkyle de 1 a„4 
atomes de carbone ou bien, conjointement, un groupe cyclohexyle, I'un des groupes R 3 et R 4 ou plus 
dSsignant un atome d'hydrogene. 

2. Dioxaphosphorinanes selon la revendication 1, repondant a la formule g6ne>ale I, dans laquelle: 
so et R 2 representant chacun un atome d'hydrogene ou de chlore, un radical methyle, ethyle, mSthoxy, 

ethoxy ou nitro ou bien, ensemble, un groupe 3,4-methylenedioxy; et 

R 3 et R 4 represented chacun un atome d'hydrogene, un atome de chlore ou un radical methyle ou, 
ensemble, un groupe cyclohexyle, au plus I'un des groupes R 3 et R 4 designant un atome d'hydrogene. 

3. Dioxaphosphorinanes selon la revendication 1, repondant a la formule gene>ale I dans laquelle: 
55 R, designe un atome d'hydrogene ou un atome d'halogene en position para; 

R 2 designe un radical methoxy ou un atome de chlore en position ortho; et 
R 3 et R 4 designed chacun un radical methyle. 

4. Isomeres optiquement actifs des dioxaphosphorinanes selon la revendication 1. 

5. Isomeres optiquement actifs des dioxaphosphorinanes selon la revendication 2. 
60 6. Isomeres optiquement actifs des dioxaphosphorinanes selon la revendication 3. 
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7. Proc6d6 de preparation do dioxaphosphorinanes selon la revendication 1, 2 ou 3, caract6ris6 en ce 
qu'on fait r6agir un dio! de formula generale II: 

C 0*2 

\ II 
OH 



w 



15 



"2 



dans laquelle les radicaux R, a R 4 ont les memes significations que dans la revendication 1, 2 ou 3, avec le 
chtorure de phosphoryle et on hydrolyse le produit resultant dans un milieu alcalin. 

8. Proc6d6 de preparation d'isomeres optiquement actifs d'un dioxaphosphorinane selon la 
revendication 4, 5 ou 6, caract6ris6 en ce qu'oh fait reagir le racemate correspondant dans un solvant avec 
un compost amino optiquement actif pour former un sel diasterSomere qui cristallise au moins 
partiellement et un sel diaster§omere qui demeure en solution, et apres separation du se! cristallise et du 
sel dissous, on hydrolyse Tune des sels ou les deux. 
20 9. Proced6 de separation d'isomdres optiquement actifs d'un compose amino a partir du rac6mate 
correspondant, caracteris6 en ce qu'on fait r6agir le racemate avec un dioxaphosphorinane optiquement 
actif selon la revendication 4, 5 ou 6 pour former un sel diast6reomere qui cristallise et un sel 
diastereomdre qui demeure en solution, puis on separe les deux sels I'un de I'autre et, si n6cessaire, on 
hydrolyse. 

25 10. Proc6d6 de separation des isomeres optiques de pa rahydroxypheny I glycine, caract6nse en ce 
qu'on fait r6agir le racemate de parahydroxyphenylglycine avec un dioxaphosphorinane optiquement actif 
selon la revendication 6, pour former un sel diaster6omere qui cristallise et un sel diast6reom6re qui 
demeure en solution, on separe les deux sels I'un de I'autre et, si necessaire on hydrolyse. 

11. Proc6de de separation des isomeres optiques de phenylalanine, caract6ris6 en ce qu'on fait r6agir 
30 le racemate de la phenylalanine avec un dioxaphosphorinane optiquement actif selon la revendication 6, 

pour former un sel diast6r6om6re qui cristallise et un sel diaster6omere qui demeure en solution, on separe 
les deux sels I'un de I'autre et, si necessaire, on hydrolyse. 

12. Procede de separation des isomeres optiques de 1-phenyl-2-paramethoxyph6nyl-6thylamine, 
caract6ris6 en ce qu'on fait r6agir le racemate correspondant avec un dioxaphosphorinane optiquement 
actif selon la revendication 6, pour former un sel diaster6omdre qui cristallise et un sel diast6reomere qui 
demeure en solution, on separe les deux sels I'un de I'autre et si n6cessaire, on hydrolyse. 
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